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@ Preparation of monoepoxides. 

® Monoepoxides are prepared by a process which 
comprises (1) continuously or Intermittently contact- 
ing a mixture of (a) a compound having only one 
vicinal halohydrin moiety per molecule and (b) at 
least one solvent having a boiling point at least about 
10*0 above the boiling point of the monoepoxide 
being produced and which is essentially non-reactive 
with any of the compounds in the reaction mixture 
with (c) an aqueous solution of an all<ali metal hy- 
droxide; (2) continuously removing by codistilling or 
azeotroping a mixture of water and resultant vicinal 
epoxide-containing compound from the reaction mix- 
ture: and (3) separating the vicinal epoxide-contain- 
ing compound from the water by any suitable 
means. 
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PREPARATION OF MONOEPOXIDES 



The present invention concerns the preparation 
of monoepoxides from compounds containing only 
one vicinal halohydrin moiety per molecule. 

VIriot et al. disclose In U.S. Patent No. 
3,061,615 the preparation of epichlorohydrin by 
reacting a basic substance with an aqueous mix- 
ture of glycerol dichlorohydrin in the presence of a 
water-lmmlscible organic solvent for epich- 
lorohydrin which circulates counter-current to the 
aqueous phase whereby the epichlorohydrin Is 
separated from the organic solvent outside the 
dehydrochlori nation apparatus and the organic sol- 
vent is continuously recycled to the dehydroch- 
lorinatlon apparatus for a fresh extraction of epich- 
lorohydrin. The yield of epichlorohydrin Is stated In 
the example to be 93.5 percent of theoretical 
based on dichlorohydrins. 

In commercial processes, low yields result in 
large amounts of byproduct organic compounds 
which must be treated in bioponds so as to pro- 
duce an environmentally acceptable effluent. It 
would therefore be desirable to have available a 
halohydrin process which produces monoepoxide 
compounds In high yields so as to reduce the load 
on bioponds. The present invention provides a 
method of producing monoepoxides, particularly 
epihalohydrlns in yields of up to about 98% based 
on theoretical yield of halohydrin to monoepoxide. 

The present invention pertains to a process for 
the preparation of compounds containing only one 
vicinal epoxide group per molecule which com- 
prises 

(1) continuously or intermittently contacting a 
mixture of (a) a compound having only one 
vicinal halohydrin moiety per molecule and (b) 
at least one organic solvent having a boiling 
point at least about 10* C above the boiling 
point of the monoepoxide being produced and 
which is essentially non-reactive with any of the 
compounds in the reaction mixture with (c) an 
aqueous solution of an alkali metal hydroxide; 

(2) continuously removing, by codlstilling or 
azeotroping. a mixture of water and resultant 
vicinal epoxide-containing compound from the 
reaction mixture; and 

(3) separating the vicinal monoepoxide-contain- 
ing compound from the water by any suitable 
means; wherein said aqueous solution of an 
alkali metal hydroxide Is added continuously or 
intermittentiy at a rate such that the monoepox- 
ide compound being formed Is removed essen- 
tially simultaneously with its formation. 

The process of tiie present invention is con- 
ducted at a temperature which causes the mixture 
of monoepoxide and water to codistill or azeotrope 



from the reaction mixture at the pressure em- 
ployed. Suitable such temperatures include, for ex- 
ample, from 10* C to 150* C, preferably from 20* C 
to 100* C. more preferably from 40'C to 80 'C. At 
5 temperatures above 150*C, the roactants tend to 
boil out of the mixture before significant amounts of 
reaction can occur, and the reactants are afforded 
an opportunity to begin a self catalyzed reaction 
with each other to produce undesirable byproducts. 

10 At temperatures below 10* C the reaction kinetics 
are very slow and the caustic solutions could 
freeze solid and slow the reaction even more. 

The reaction is usually conducted at a pressure 
which is sufficient to maintain the reactants in liquid 

;5 form. Particularly suitable pressures include those 
from 10 mm Hg (1.3 kPa) absolute to 1000 mm Hg 
(133 kPa) absolute, preferably from 100 mm Hg 
(13.3 kPa) absolute to 400 mm Hg (53.2 kPa) 
absolute, more preferably from 150 mm Hg (19.9 

20 kPa) absolute to 250 mm Hg (33.2 kPa) absolute. 
At pressures above 1000 mm Hg (133 kPa) ab- 
solute, temperatures for azeotropic or codistillation 
of the epoxide and water are sufficiently high so as 
to cause self catalyzed reaction of the reactants 

25 thereby producing undesirable byproducts. At pres- 
sures below 10 mm Hg (1.3 kPa) absolute, the 
reactants tend to boil out of solution before reaction 
to the desirable epoxide product can occur. 

Any organic solvent which has a boiling point 

30 at least about 10* C . preferably at least about 
20* C, more preferably at least about 45 'C higher 
than the monoepoxide compound being produced 
can be employed herein. Particularly suitable or- 
ganic solvents employed herein are the glycol 

35 ethers or mixtures thereof. Particularly suitable 
such glycol ethers Include, for example, diethylene 
glycol dimethyl ether, diethylene glycol n-butyl 
ether, diethylene glycol ethyl ether, diethylene gly- 
col methyl ether, dipropylene glycol methyl ether, 

40 ethylene glycol n-butyl ether, ethylene glycol ethyl 
ether, ethylene glycol methyl ether, ethylene glycol 
phenyl ether, propylene glycol phenyl ether, pro- 
pylene glycol methyl ether, butylene glycol methyl 
ether, tripropylene glycol metiiyl ether or any com- 

45 bination thereof. 

When the solvent has a boiling point close to 
that of the monoepoxide being produced, the prod- 
uct tends to self polymerize resulting in an un- 
desirable polymeric or ollgomeric byproduct. This 

50 Is particularly true at the higher temperatures. 

The solvent should not react appreciably witii 
any of the compounds in the reaction mixture. 
Such reactions result in undesirable byproducts. 

Suitable compounds containing only one vicinal 
halohydrin moiety per molecule which can be em- 
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ployed herein include, for example, 2-3 dlchloro-1- 
propanol, 1 .3-dichloro-2-propanol, 1 ,3-d}bromo-2- 
propanol 2,3-dibromo-1-propanol, ethylene 
chlorohydrin, 1-chloro-2-propanol, 1-chloro-2-buta- 
nol or any combination thereof. 

Suitable alkali metal hydroxides which can be 
employed herein Include, for example, sodium hy- 
droxide, potassium hydroxide, lithium hydroxide or 
combinations thereof. 

The alkali metal hydroxide is employed as an 
aqueous solution at a concentration of from 1 to 80, 
preferably from 20 to 70, more preferably from 40 
to 60 percent alkali metal hydroxide by weight. 

The aqueous alkali metal hydroxide is added 
continuously or intermittently so as to provide es- 
sential removal of the monoepoxide compound be- 
ing formed sufficiently simultaneously with its for- 
mation so as to reduce the formation of undesirable 
byproducts such as 1-chloro-2,3-dihydroxypropane. 
glycidol, diglycidyl ether and bis(chloromethyl)- 
methoxy-2,3-epoxypropane. The alkali metal hy- 
droxide is employed in an amount which provides 
from 0.1 to 1.5. preferably from 0.9 to 1.1, more 
preferably from 0.98 to 1.05 moles of alkali metal 
hydroxide per vicinal halohydrin moiety. 

The monoepoxide produced in the reaction is 
removed from the reaction mixture by continuously 
codistilling or azeotroping with water. The mon- 
oepoxide is then separated from the water by any 
suitable means such as liquid-liquid extraction, dis- 
tillation, cold phase separations, carbon bed ab- 
sorption or combinations thereof. 

An alkali metal halide salt is formed as a by- 
product during the reaction on a mole for mole 
basis with the monoepoxide. It can be removed 
from the reactor by any suitable means during the 
reaction, if desired, by removing liquid from the 
reactor and separating the salt therefrom by any 
suitable means and recycling the remaining con- 
tents to the reactor or else separating the com- 
pound containing only one vicinal halohydrin group 
per molecule therefrom and recycling it to the 
reactor. The salt can be separated by decantation, 
filtration, centrlfugation. water washing or combina- 
tions thereof. 

It Is desired that the reactants be maintained in 
intimate contact during the reaction. One method 
for accomplishing this is by vigorous agitation dur- 
ing the reaction. 

The rates of introduction of the reactant materi- 
als and the removal of products and byproducts is 
conducted such that the concentration of water in 
the liquid reaction medium is less than about 4, 
preferably less than about 2, more preferably less 
than about 1.5 percent by weight based on the 
weight of total solution in the reactor. 

In a preferred embodiment, a mixture of 2.3- 
dichioro-1-propanol and organic solvent, preferably 



diethylene glycol dimethyl ether, is added to a 
continuously stirred vessel while an aqueous solu- 
tion of alkali metal hydroxide, preferably sodium 
hydroxide as an aqueous solution in a concentra- 

5 tlon of from 15 to 50 percent by weight is continu- 
ously or intermittently added while simultaneously 
removing by codistillation or azeotropic distillation 
a mixture of water and epichlorohydrin and continu- 
ously or Intermittently removing liquid reaction me- 

10 dium and subjecting it to filtration and recycle of 
reactants back to the reactor so as to prevent the 
buildup of byproduct sodium chloride in the reac- 
tor; and wherein the addition of reactants and re- 
moval of product and byproduct Is adjusted such 

15 that the amount of water In the reactor is less than 
about 2 percent by weight based on the weight of 
liquid solution reactants (total solution in the reac- 
tor). 

The following examples are for illustrative pur- 
20 poses only and are not to be construed as to 
limiting the scope of the invention in any manner. 



EXAMPLE 1 

25 

Preparation of epichlorohydrin (boiling point (b.p.)- 
= 115.2* C) " Trom 2.3-dichioro-1-propanol In the 
presence "of diethylene glycol dimethyl ~ether 
30 (b.p. = 162*"C). 

A mixture composed of 800 grams of diglyme 
(diethylene glycol dimethyl ether) and 179.7 grams 
of 2.3-dichloro-1 -propanol was heated to 70 * C with 

35 vigorous agitation, and at reduced pressure (200 
mm Hg (26.6 kPa)). To this heated, agitated mix- 
ture, a solution of 50 percent sodium hydroxide 
and water were pumped slowly (0.80 cc/minute) 
into the heated, agitated mixture. A total of 11 1 .44 

40 grams (1 mole per vicinal chlorohydrin moiety) of 
50 percent NaOH solution was used. The reaction 
of NaOH and 2,3-dichloro-1 -propanol produced epi- 
chlorohydrin which azeotropically distilled with wa- 
ter at 67* C and 200 mm Hg (26,6 kPa) pressure. 

45 Salt (NaCl) formed and crystallized out in the solu- 
tion of diglyme and 2,3-dichloro-1 -propanol. 

The epichlorohydrln/water azeotrope distillate 
was condensed and collected in a separate vessel 
and was allowed to separate into two phases. A 

50 total of 174.5 grams of distillate was collected. 

The epichlorohydrin/water azeotrope distillate 
was removed at a rate such that the concentration 
of water in the reaction mixture was about 2 per- 
cent by weight. 

55 The two phases from the distillate and the 
reactor solution were analyzed for epichorohydrin 
content and impurities concentrations. Of the theo- 
retical 128.85 grams of epichlorohydrin which could 
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be produced by the reaction, 127.3 grams could be 
accounted for as eplchlorohydrln. Therefore, the 
reaction yields to eplchlorohydrtn were at least 98 
percent basod on 2.3-dichloro-1-propanoL 



COMPARATIVE EXPERIMENT A 



Preparation of epichlorohydrin (b.p. = 115.2* C) 
from 2,3-dich'loroT-propanol in the presence of 
1 ,2,3-trlchIoropropane (b.p. = 156.17 C, but reacti 
with starting material). 

A mixture composed of 1432 grams of 1,2.3- 
trichloropropane, 95 grams of diglyme (diethylene 
glycol dimethyl ether) and 166.7 grams of 2,3- 
dichloro-1-propanol was heated to 70* C with vigor- 
ous agitation, and at reduced pressure (200 mm 
Hg (26.6 l<Pa)). To this heated, agitated mixture, a 
solution of 50 percent sodium hydroxide and water 
were pumped slowly (0.80 cc/minute) into the heat- 
ed, agitated mixture. A total of 119.0 grams (1.151 
moles per vicinal chlorohydrin moiety) of 50 per- 
cent NaOH solution was used. The reaction of 
NaOH and 2,3-dichloro-1-propanol produced epich- 
lorohydrin which azeotropically distilled with water 
at 67' C and 200 mm Hg (26.6 kPa) pressure. Salt 
(NaCI) formed and crystallized out In the solution of 
diglyme, 1 ,2.3,trichloropropane and 2,3-dlchloro-1- 
propanoL 

The epichlorohydrin/water azeotrope distillate 
was condensed and collected in a separate vessel 
and was allowed to separate into two phases. A 
total of 89.9 grams of distillate was collected. 

The epichlorohydrin/water azeotrope distillate 
was removed at a rate such that the concentration 
of water in the reaction mixture was about 3.6 
percent by weight. 

The two phases from the distillate and the 
reactor solution were analyzed for epichlorohydrin 
content and impurities concentrations. Of the theo- 
retical 119.5 grams of epichlorohydrin which could 
be produced by the reaction. 23.9 grams could be 
accounted for as epichlorohydrin. Therefore, the 
reaction conversion to epichorohydrin was 20 per- 
cent which is unacceptable in a commercial pro- 
cess. Analysis revealed that the major portion of 
the NaOH was consumed converting 1.2,3-trich- 
loropropane Into 1 .3-dichloropropene instead of ep- 
oxidizing 2.3-dichloropropanol to epichlorohydrin. 



EXAMPLE 2 



Preparation of epichlorohydrin from 2.3-dichioro-l- 
propanol in presence of diethylene glycol dimethyl 



ether (b.p. = 162' C). 

A mixturo composed of 709 grams of diglyme 
(diothylene glycol dimethyl ether) and 141.9 grams 
5 of 2,3-dichloro-1-propanol was heated to 70* C with 
vigorous agitation, and at reduced pressure (200 
mm Hg (26.6 kPa)). To this heated, agitated mix- 
turo. a solution of 50 percent sodium hydroxide 
and water were pumped slowly (0.50 cc/minute) 
70 into the heated, agitated mixture. A total of 87.9 
grams (1 mole per vicinal chlorohydrin moiety) of 
50 percent NaOH solution was used. The reaction 
of NaOH and 2,3-dichIoro-1-propanol produced epi- 
chlorohydrin which azeotropically distilled with wa- 
rs ter at 67*0 and 200 mm Hg (26.6 kPa) pressure. 
Salt (NaCl) formed and crystallized out in the solu- 
tion of diglyme and 2.3-dichloro-1-propanol. 

The epichlorohydrin/water azeotrope distillate 
was condensed and collected in a separate vessel 
20 and was allowed to separate into two phases. A 
total of 167.7 grams of distillate was collected. 

The epichlorohydrin/water azeotrope distillate 
was removed at a rate such that the concentration 
of water in the reaction mixture was about 1.5 
26 percent by weight 

The two phases from the distillate and the 
reactor solution were analyzed for epichlorohydrin 
content and impurities concentrations. Of the theo- 
retical 101.55 grams of epichlorohydrin which could 
30 be produced by the reaction, 98.8 grams could be 
accounted for as epichlorohydrin. Therefore, the 
reaction yields to epichlorohydrin were at least 97 
percent. 

35 

Claims 

1. A process for the preparation of compounds 
containing only one vicinal epoxide group per mol- 

40 ecule which comprises 

(1) continuously or intermittently contacting a mix- 
ture of (a) a compound having only one vicinal 
halohydrin moiety per molecule and (b) at least 
one organic solvent having a boiling point at least 

45 about 10* C above the boiling point of the mon- 
oepoxide being produced and which is essentially 
non-reactive with any of the compounds in the 
reaction mixture with (c) an aqueous solution of an 
alkali metal hydroxide; 

50 (2) continuously removing, by codistilling or 
azeotroping. a mixture of water and resultant vicinal 
epoxide-containing compound from the reaction 
mixture; and 

(3) separating the vicinal monoepoxide-containing 
55 compound from the water by any suitable means; 
wherein said aqueous solution of an alkali metal 
hydroxide is added continuously or intermittently at 
a rate such that the monoepoxide compound being 
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formed is removed essentially simultaneously with 
its formation. 

2. A process of Claim 1 wherein the reaction is 
conducted at a temperature of from 10* C to 
150* C; a pressure of from 10 mm Hg (1.3 kPa) 
absolute to 1000 mm Hg (133 kPa) absolute; said 
organic solvent has a boiling point of at least about 
10* C above the boiling point of the monoepoxide 
being produced; and byproduct are removed at a 
rate such that the water concentration in the liquid 
reaction medium is less than about 4 percent by 
weight based upon the weight of the liquid solution 
in the reactor; and wherein liquid is removed from 
the reactor, alkali metal halide salt is removed 
therefrom by any suitable means and the remain- 
ing contents returned to the reactor. 

3. A process of Claim 1 wherein the reaction is 
conducted at a temperature of from 20 'C to 
lOO" C; a pressure of from 100 mm Hg (13.3 kPa) 
absolute to 400 mm Hg (53.2 kPa) absolute; said 
organic solvent has a boiling point of at least about 
45 'C above the boiling point of the monoepoxide 
being produced; and byproduct are removed at a 
rate such that the water concentration in the liquid 
reaction medium is less than about 2 percent by 
weight based upon the weight of the liquid solution 
In the reactor; and wherein liquid is removed from 
the reactor, alkali metal halide salt is removed 
therefrom by any suitable means and the remain- 
ing contents returned to the reactor. 

4. A process of Claim 1 wherein the reaction is 
conducted at a temperature of from 40* C to 80* C; 
a pressure of from 150 mm Hg (19.9 kPa) absolute 
to 250 mm Hg (33.2 kPa) absolute; said organic 
solvent has a boiling point of at least about 45 *C 
above the boiling point of the monoepoxide being 
produced; and byproduct are removed at a rate 
such that the water concentration in the liquid reac- 
tion medium is less than about 1.5 percent by 
weight based upon the weight of the liquid solution 
in the reactor; and wherein liquid is removed from 
the reactor, alkali metal halide salt is removed 
therefrom by any suitable means and the remain- 
ing contents returned to the reactor. 

5. A process of Claim 1, 2, 3 or 4 wherein said 
compound having only one vicinal halohydrin moi- 
ety per molecule is 2-3 dichloro-1 -propanol. 1.3- 
dichloropropanoi, 1,3-dibromo-2-propanoip 2,3- 
dibromo-1 -propanol, ethylene chlorohydrln. pro- 
pylene chlorohydrin, butylene chlorohydrin, or any 
combination thereof; said alkali metal hydroxide is 
sodium hydroxide or potassium hydroxide em- 
ployed in a concentration of from 1 to 80 percent 
by weight in water; and said solvent is a glycol 
ether. 

6. A process of Claim 1. 2. 3 or 4 wherein said 
compound having only one vicinal halohydrin moi- 
ety per molecule is 2-3 dichloro-1 -propanol, 1,3- 



dichloropropanol, 1 ,3-dlbromo-2-propanol, 2,3- 
dibromo-1 -propanol, or any combination thereof; 
said alkali metal hydroxide is sodium hydroxide or 
potassium hydroxide employed in a concentration 

5 of from 20 to 70 percent by weight in water; and 
said solvent is diethylene glycol dimethyl ether, 
diethylene glycol methyl ether, dipropylene glycol 
methyl ether, ethylene glycol n-butyl ether, eth- 
ylene glycol ethyl ether, ethylene glycol methyl 

10 ether, propylene glycol methyl ether, butylene gly- 
col methyl ether, or any combination thereof. 
7. A process of Claim 1. 2, 3 or 4 wherein said 
compound having only one vicinal halohydrin moi- 
ety per molecule is 2.3-dlchloro-1 -propanol; said 

75 alkali metal hydroxide is sodium hydroxide em- 
ployed in a concentration of from 40 to 60 percent 
by weight in water; and said solvent is diethylene 
glycol dimethyl ether. 
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